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(54) BINARY OPTICS, AND LIGHT CONVERGENCE 
OPTICAL SYSTEM AND LASER MACHINING 
DEVICE USING BINARY OPTICS 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a binary optics 
or light convergence optical system which can 
efficiently obtain a laser beam thr+ ii; in a desired 
beam shape such as a rectangular or linear shape and 
has a uniform intensity distribution from laser light of 
high-order mode that is in a circular beam shape and has 
a mountain -shaped intensity distribution, and the laser 
beam machine which can perform efficient laser 
machining by using them. 

SOLUTION: A laser beam in a desired sectional shape 
can easily be converted without any loss of energy by 
the binary optics 1 having the array- directional pitch 
of diffraction grating at respective positions in an 
element designed corresponding to the shape and 
intensity distribution of incident light and the shape 
and Intensity distribution of desired converted 
projection light and the optical system which uses it, 
so a laser machining process is made advantageous and 
efficient machining becomes possible. Further, a laser 
device of this constitution makes the laser machining 



advantageous and makes the highly efficient machining 
possible. 
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(54) mmo^wi /^^±v-:tzff'^ ^:^Rn^n^m\^^ftsm3^^»mf\zu-i^^ 



(57) [Sl^] 

L I >£±i It ^ <D f^1*& ^5^^^ ^ fc CS 5? iJ: r Stt $ 
t>*nx6^tgfc/j:'S« 




V 



1 

m^m 2 ] 4>ii>«PT-gfiei*ss < t -3> r 
flit. lEMfeufct^asst3ta>^€^^a)tS1llifci:A^^». 

w!Ej^pr*i*iij'*tt>5tt<ti^i:tt-c. Hiiffi*§JK<DifriEjSi 
p <t iiJK^fc^ i (dPbI (ctas^ -5 ia ^ L ^ Q <t BfriB 
^ p 4*: ^^.s^^rpi it ni:or y . 

Xo 

[ii3^^3] «t"C^8p-e§iiJgcOSt^Rff^(De'-A^3^Jg 
gB5ij^r^A<inffijSip<tfifF(EjaQi:$e.5;:&iqir*fey. 6^ 

X (D^ P rcj$ It Is]ttlS^C7> e ^ rcil L t ^m 2 CO / 
:^ y 3f ^ ^ ^ X ^ ffiS L C t ^ m <?: ^ ^sfcafc 

(P^^ 4 1 e- A(OSi®ff^ttA<Rff^CD U— tf-A 
^^3tLr^*t^(7)t§Rff^, SRff^^f-tt^EiJ^Oe-A 
Bf ® ff$ttlc^^r ^ /c*>(0(Hl#rte^6^ <b / <-< :^ y - 

B^^8^I2l^^s^A<^t^/^'^->A^•^>'ci:y. ^(oe^y^A^c^ 



(2) t$g|^9-6 1 6 1 O 

2 

Cfi^m 5 ] e~ A(D»r®J^«A<RJ^a) L — if e— A 

^mTfeurj^jt^comRB. sR}^^fc(*^ff^(Dtf-A 
— b> y . ^cD e *y ^ A<s$4> ^ faija-^is) itr 

/ nV t- y — -f ^ Xo 

^ ^> / nV t- y - 5i- 3f ^ ^ ^ X ( c T . 

r t c <t <»: -r -5 / nV t- y -f ^ X. 

[|i*3S7] 1S!IS[C0jg^ySL^^A>t>«|fi)t^?tt. 

Lr>tt«ir'fey. t^-omtR^'L^mt^hy^mmmmizj^H 

X^^lzm<U'z»xi^i>/U:t'J—7tzf^^<7::x.^. 9t 

[iS5jij®8] i^—^ftf—jx^—mmizmm^itx^m, 
tooz-c-r t- y — 7f- -< ^ X T' o r . 

mxn (m. nitlE(0^^X2]il±} (Om=f-Wzm^tL 

fz^ hy^x^^A>t,^j:y. 

»JIB«-^ h y ^xil3^(*S^fl^^^i:-rt*fc0^te^A< 

30 B>iiEiHim<&^a>#<s^A<. inia^-^ h y x^^(D4=ii> 

X^^<D4"£^it BiJSBm X n (D^=f-(0^iL^ t (O^m^ d . 
C»2l p(d)=A7' (1 +h2/d2) 

L r a $ c it ^ it -r ^ /nV t- y -r ^ 

Xo 

40 3lllSA<^J^Hb$ttfc0Tli(OJ^«<Df-ArcSE»^-&-<< 

f)8Btf-A(7)^^^4"C>it i^xm^mtzm^r^mtzm 
/3c 5? ttfcsm^S^ >& / <^ f y — :i- 3^ -T ^ X 

^ t- y — :t 3f ^ -< ^ X Ji(D§£i) ^ p a)^a^^c^t$lt 
•< t- y — ;f -f ^7 X±rc**) lb tL* it fiiJEiS P it 

^e.5^:^rs]T'a5y. 
50 ^t-r^a^s^^^L, 



3 

(om^m t iz^ib i^ttx y . 

p = aV (1 +h2/d2) 
i L riS ^? *t -5 z a t f * / W :^ U -3*- 3/5^ -f 

lcStS|-r^-€<fl1||Etf-A<D3fctt^*»i>i: Lxm^Wz 
^m^U:t'J—^zf^^<7:i.±<0^^j^P(D^Wz^\i- 
>C-t*)-yt:/^^</:^±tz^ibh>ti^^Qtm^^Pt 
^ o <t -r * mmm^mm l r idse® w rci^ o ^gs y a 

mmuttz^^n^mmp^(o^<o^^<om^mtwitR^. 
fit (t (OttA^-sc-r ^ cfc o iz^ib i^tix *> y , 

[3314] p^A/" (1 +h2/d2) 

t LXmtStli>Zt^1^$SLt't^fUi-'J—7tZf^^<^ 

S IS/ < -< :^ y - 3f <7 X Ji cD^ >5 )^ p (7) {as rc It 



(3) f$ggip9_6 1 6 1 O 

4 

^ :^ y T^^-T^ -r ^ X Jifc^«) ^ tL-S ^ Q ^ fliJIB P i 

^IS.Sx:^ra]r'fey, 

O <t -r ^ S ^ « ^ S S L T Bil 8B J^. ^ O ^ 4" it ^ 

IEI^,^o^ls^yH^T'^i^. i$im.^oA^^>Bii82i^SPi^is 

m-Dtzm^m-itt^titz^mt urBfrErapRc^iijE 

10 p <t wit^'p'bot ^^<s^m.t^ t mi^u t izi^^^H^m 

^otmtz^^ot^^^mm^mwimtizi^^tt^m 
mt Lx^^p>ti^mf;^mi^mmi^(o^<D^m<om^m 
t^'^m^R^x^^mm(o•&^m^QtzJ:^^^^ti^t. tuts^^p 

(om^mtmf&maRctcD^t^t'mfBj^pt^i^.^m 

20 *iT*5y. 

[3S53 p =A V ( 1 +h2/d2) 
t l.X^^tt^Zt^^WLtri>^U^'J'-~^Zf^'i<7 

30 -j^<o9tu^^'(>t Lxm^mizms^ri>mzmf&^tt 

fz^m^lh^^)tji^^U-t*J—ytzf^'<<P7^iznx^ 
-r y —yt -^n-^o x J:a>5fe^ Mi p (Dtasicus ct 

$».s^*iair'&y. 

H?iE^Qi*. mm^<-(-t')-^zf^^Cf:^±tz^m^^m 
j^ot-ri>mmm^^mLx^«^mp^fzjB^o^ip>L^t 
Lx. frffij^ip^ay. t^-oi^—'^fay^^— k^<onnftt 

40 ^i:5itf»itt^:&-r^)0IK^I8€?. MfcSfTE^P^XS^IS 
(aSJ^^IS^, BiJE^PctfJE^'LvOi^ie-S^iEISi:. 

(Dia^i-fiict. B5EffiiaEH^(OjSJt<D^Q<»:BnE4''Do<t 
^m-sm^tmrn^t. mi&^mmft^ttzm^ti^m^ 
mr^f^<D^<o^^a>m^mtt<-^r^^oiz}kihh>ti 
rfcy. 

50 ^8S/NV:ry-^:^7^-r^X(DBiJEl2»JTtS^(Dtf-y^p 



5 

mel p = aV^ (1 +h2/d2) 

a)ii^o<t-r^mi (oeei^^ssu. ism 
1 <Dmmm<omfSi^tmm.iz^ iifi8ami (o@j^o^4>'0 

&r>m3oi^^o" ^^SL. Btr82®rticKiiE^ 1 (OH 

^?<tirt7Lxmumwzikit> h>tix y . 
HtiK.^QA<BniBm3(7)jp^o" ^#t;m3(7)^jgertfca& 

^\tiit^xmfiLmmz^:kif) p>tix y . 

^K/ <^ y -Ti- -f ^ X a)fiii8a@#rtt^(o e ^ ^ p 

[»7] p=A/' (1 +h2/d2) 
i L-C*$tt«»Ci:^«$«i:-r«>/NVry-3j-:^^-f ^ 

Xo 



(4) t$§a^9 — 6 1 6 1 O 

6 

ttji'oxi^i>:Lt^^mtri»m^mBi^f&ma>f<^'t 

o r t^^» C t ^ 1#« i: r «»R3ftJS 4 TbSii^ll 6 <Dl> 

-rtL6>rcKm(D/<-r y <7 x. 

6] Bil8a0^m^(D«-t&^PBl(7)tf-y^p 
(r)A<. A$3feC0afc:S. h ^^IfSlpS^T'CDffi^. r 

10 

[!Sl8] p(r)=AV (1 + h2/ (r^ (1 - V ( I 
( r )) ) 2) ) 

Ill 5^cI^®cD/^v:^u— 7f-3^i"^<7Xo 
ie«<D/<-< :^ y -f ^ X ^ m 1 (O /^-r y 

mm<omm^m^GiiS:tz^ mm^Qtzm-^i>\s\^m^(r> 

xa>j^i prcJS$c+^iHi»r<ft^a) ev^ic^ LLx|g 2 a>/<^ 
y — 3i- ^ X ^ BBS L c ^ t -r * liSt^fc 

iH^co/^v:^y-J^-:;^i^>f <7x^L < itmtft^t^m^m 

{So 

[Si3}tmi 9] m^m^. mn^ms^ m^m^ 

mm^m i 6(Dl^-rttA^^r8^a£co/<Y:^y— rtT^^r y ^ 

[fs*^ 2 o ] if 6 s L < f*fi^^ 1 6 fcssm 

CD/<^:^y— ;!t->fi^-f^x6<. AltdS«afc^<04"D^t3fc 
faC/ :^ y — :i- -f <7 X ic cfc y 5? tifz o—'tfift 
ate ^^t75fe^fc|tm-r ^^SKD/xV y 3f -f 
40 I — If/raxafeS. 

y -tt- >^7^ ^ xPpI $^.5;h i:3t«<D3iia-r -6 (a 

2 O f-SBiaO U— tf tolX^So 
[OOO 1] 

50 l/^n$fflt^fcm3t3fe^^S.Ui-f-tt$fflLNrj: yn^L 



7 

to O O 2] 

(G. J. Swanson et al., US Patent 4895790. (199 
0)) o 04 4 (a) &t^04 4 (b) fC^jt-Tcfc /< 

-< :^ u ->f ^ ^ ;^ 1 o 1 (omm0m^it^(Di&s^:t 
r^^t,tL^„ YAGL — -»f5t^S3^e;-r^BWo/<-r:^ 

-r^X1Ol(*04 4 (a) (DJ:^^C|^l£^Rtt(0/^^ — 
Ou>Xtiife(D/NVi-u-7l-:/i^'<<7xtt. Ait 
Lfc^iT3fe^^-^»zo^ y Ife^rc^if)^ J; ^ re® < o 
c <D cfc ^ ^j: «i fig $ -r * / W :^ y - 3|- ^ -f ^ X <D e 

[St9l p(r)=AV (1 +f 2/r2) 

— AiKttA<n}^T'fcy. 5iS5^flitt-^tty*''^xaxfc 

pf^t W fc tg— »r /^i: o r t ^ C <!: A<M ^ L t ^ C 1 3b< 

fcia-r<tMS;(7)^^A?§L<:^^<>^d:y. jai^6<iaTL6< 



(5) f$§gip:9-6 1 6 1 O 

8 

[0006] Mf::. -Oi^^U— >5^ — i:D^(#ti 

EMoo^- Kl#3^)^yr*tt>i^c^o u-ifai;^6<:^^ 

tt<OKjSl^«<Dfl^tt^ T E M„„^— K— 
tto y KTfei T e Moi*^— Kfc?if y 

[0 0 0 8] -fiSfcu— *ff6fts^fflc^TU— tr 

20 AXTK-y KJ^tt(*R»^r*fey. i^t^i,. ^m.'^^t^i^— 

^.it5t^fcA^A<±i:, %^14'V>ftJiA^y/ri^gLT. 
;'§m®SrA<ift^rrofccfc^fc/d:y6<t>T'feo/c<. C<Dct 

^rc, 5§iSftixfci$r(*tf-Ajf^«A^*EfKr*i^-fcfieit 

[O O O 9] 

30 \zi^^Utsntz^<0'Q$>^) . tf— Aff^ttA<Rf^-e. S^Jg 
^t<m-tj: U-tf tf— A^^^& < C <t A^pItgJif /< 

<t&r;-tiB/<^:^y-;*-::;^^-r<7x. ^fcttmateafe^i^ 
Sfflt^TSfiSW'tf u— -tfftixs RTtEtf «i L — ^imJL^ 

tool O] 

tzmifi>^tfT^^(Dmm:^{^ttf^y^tt<^ xm^<om 
^s,v^^f^^^t. mtkLtzi^ihm^cor^i^Siwm^ 

50 ^tiz$Piitts-\txWitt^^tixi^i>:Lt^^mt-ri>^U 
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[001 1) ^-1f*sg6^t>stiatLfc^— »f^fe^*at^ 

[»1 O] CO t-^V ( (p/A) 2-1) 
:h.^o L^^. U— »ftf— AA<:ff'!7xa(05Se^^fli$^o 

AfiPTfiS < ^aJafip-e^gl^5^Jg5^'^^^ A^ ^» u-if tf — A 
(omm^m^^m^FX'i^. m^Ltzi^ihm^com^Rx)^ 

[0012] 

fl^^^JfflL. (itSi 00 mm) ^-^X<7^A^ 

(00 131 ctD^k^^j/^-rt-'J— ;*-:/T-f 1 icA 

St5fe5ig«^^ I (r r ^4>'06^t>(Z>jE^. a&0:b 

[001 4] 

[iSfl 13 I (r)=aexp(-b r ^) 

[00 1 5] fU-t*)—:^Z^^^<7 7.^±<D^P (0 2 

(a) ) fcAltLfc3fc^(*. S^^nx. /NV^'J-?t- 

:^U-5f>^7^-Y^X1±a)jSlQ (02 (a) ) ^^Ut 

wntzmmhfzHmmLtzi^LWzmmLfzt^^. t(o 

Ftr ^ ^wz^m^ ^fztbtzit.. /<^-r'j-^if^^<^ 
:^(D^p\zn^n^mm^^<D^m:f5\^. w^^=^(j>m^ 



(6) 9-61610 

10 

[lai 2] p = A/' (1 +h2/d2) 

[001 6] fiastsm®<D(asr'tf-AjKttA<5€ 

;u ^ 1# ^» <J6 CD ^ P <?: ^ Q tt5fc(D J: ^ fc^i6 ^ H 

rut>*>. 02 (a) fcj|$r. 
[001 7] 1. i^—*ft:~j^<of/tmitmm.uvsi^tz^ 

tftmo^^'btLX. P^ii-6Rc^jS<o 

10 2. 1 <t LT^(05tm5^^ (0 2 (b) # 

il^fc<fc y R c ^ 4 Sf^-r -So 

4. J:EjE*If^<0«-^?:h.fc^P^#t;i /4RA1A 

^.P-ei^^i-^tL^it (m: n) tmCttX^ jSl P 

rc^tfr s iiff^co ia B 1 B 4 ^ rt^i' L j#i ^ Q <t f s o 

20 [00 1 8] KIT. xCp^aV (1 + h Vd2) f-|jfeo 
r. ^PfcAltL/c^^A^^QfzSJ^r^J:^. /<-<:^ 
U— Jh^^^^X 1 CD^Pic*$tt^[51#f*&^(DE5iJ^ral 
^IS5i^PQ<D:^rRlf::-St^-y:. Httte^coe^y 5^ p 
i6r'V>n(#fit>o 1 /4R(DSIMOAiA4l*|<DttS<0^ 

1 /4R(D^MO AiA^rtrzAttL/cU— t^^te 
fl^i^ii<=.mff^O B^B^X^^^^t<^^f^it^tltz*^ 

30 )g^>^|»A<:^*OxS (0 2 (b) #fiPJ (DU— tPpfett. Jf^ 
ttA^j^Jf^BiB^BaB^T'S^Jg^j'^A^iFlQ^bSni^- (0 
2 (b) JtCtf— AX/K-y hfc|EMI$;a'5p 

»Tm^<7>e*y^^. Alt^tmcD5l^Jg55'=^^^<t/<^:^y— 
:^T^-r^xji<oiasict&i:rs«>r^-5c<tic<t y, m 
li(Z)0fl^$^#^»^aia f o<asic$$ri5--^i:5sig^i^:flf<Dtf 

[0 0 2 0] 03lc:*:«qB(DSe2(DSIIte««|rcJ|$lt^2tSt 
40 (D/^V:^•J— Jj-^i^^-^Xl . 2»Cci:^>3fel^SE^(0«S| 

^mxewfCTKro *^ji^(*0 2fcjr$it^^Mo0ff$$ 

BB11-r«>=t,(DT?fcy. m2<D/NV:^y— 3t-::^^-f ^X2 

izxmLfz^mitzHiz^^j^ff^izm^ti^. m2(o 

/>V:»-'J— ^3^^^'^;^2(7>^Qa)(aS (02 (a) ) 
tttS (02 (a) ) <Dtf«y^p il^Ce-y^T-feyBftr 

^=f-(Dm.m:^Mm^op(n\^^{z—nn>^i^^=f-^ 

50 2(7)/<-r:^'J-:*-3^^-i'<7X2(7>PgS:co<®^f*mi 
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[00 2 2) t^. m^(OWi2<OfU-t*)—7t-:f^^<7^ 

t<x^^. ^fc. ^momik"^. ^mm^<D^uiz^ 
la 4 (om 2 (D/^-f :^ U — si- -f <7 X 2 a)aiSt3fc«)as 

[00 2 3) me (a) &u:iil5 (b) iz:;^mmizm^ 
■oi\xUt^fifttji'DXi^i>„ :L(D^m. ^^:^^izm^ 

t^^'i>mL2iz'Di\x=tnnnttjii,^ ^t^e-y^p 

[»133 p(r)=AV" (1 +f 2/r2) 

^3fca5t Lr4*Jtffii^»^i^ai*i o ow<ou— -tPApx 

)>^T^zi^i^^vt^:iSO:^M^^i^^ttJi'oXl'^^^ 
to O 2 5] 

[f»1 41 I (r)=aexp(-b r 2) 
[0026] :Ltl'^/<^i-')—^z?"^^<7 7.^ 1 

>5 c ^ izj: ij ^(othm^t Lxmmmo 

hA<1t'btt^>o HD*». /<-<:^'J-:^:/T"'f ^X 1 l^U 

i&^^j'p^iz^\^^it^^'?tzmm^'^tiit^ 4"D^<t 

[3311 5] p(r)=AV (1+h2/ (r2 



(7) 4$ga^9 — 6 1 6 1 O 

12 

( r )) 2) ) 

1002 7] gi6tt. :^m^tzm^<m^<onmmizn^ 
it^/<Y-^'J— ^::^T-f <7xi 2<D«^@r*fe«>o *SI 
Jfe^J^T'tt/^^-^y— ^x 1 2(D@#t4S^a^ m 

23f)^^^tt^^::^^fc'^riil^Wfcfit:*;Lrl^'5o ^?s^ 

[002 8] 0 7f*— ^t(D/W:^y— ^x 1 

20 -efcy. HOTffil^ U— 1f5fea)Ait«lt LA5t<MJb^6v 

^X14. 1 5l*#tf-Ji8Em4(7>I^Si^r'7j^L/c/<-r:^ 
y-=*->^i^-<^xt(^^7U:«5jt^^U. 4>'l>^Lll^± 
A<StxfciS3t-r ^ ^*f::«*>'DO A<*fr ASt U— 1f5fe</>3fc 

[002 9] C<DS5t5t^l^rzA§tLfcU— 
:^y— :^:^^-f ^^xi 4(cAltLr4>/L>afttL 1 ^cl^A^ 

30 lEJ^^Ftt^o ot\T% /NV:^y— ^Xl 5/cA 
StLr^jg«*4"£^«ll!iL 2 f::ip|A^or«tt<DI^ tf::@»T 

l^i^ilSx.fcS^7^^n^d:tNU— »fADX^Sfrj:y. XtK^v 
h?§m*DX-V>*ll#A;h.ilDX. g '^T*DX^A<S«l^a < X 

[00 3 0] maizj^M^izm-^KW^sonmrntzn^n 

^>/<Y:^y->^::^^-f ^X2 i <D5tK^^cDttSl^mxt 

[003 1] C(7)<fc 9'^i:/^'<:^y— ^X2 1 

ASfr4&3i6a5^Lri*±Ei^«^*gai:^}i oowa>u— 

1f*DXffl<DNd : YAG U— ^fA<fflt^^b;^^^o U— tf^fe 
{i/NV:^'J-^^i^>r^X2 1 fcAltf^mfce— Aft; 

C04"D0i:-St-r^><fc^lcASt-r«>o ^(OAStjfcSiJg^ 

ii^lSltUr. T8Efc:*-r<fc^ni:**'t'XMSSjS^^^»i^nfo 
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[OO 3 2] 

6] I (r )=aexp(-b r 2) 

[O033] ctt^/\V:^'J— 7|-3fi^^<7X2 1 {ciSia 

[Sfti 7] r' =rV" (aexp(-b r 2)) 

mi B} p(r )=Ay (1 +h2/ ( r2 (1 -V I 
(r )) =2) ) 

la 8 (Di^-^ 2 2 tt{4ia s js$ It e— A -^az?^ — ;u-e 

(DAIt<ffli: LTl^'5o /nV:^'J— 5i-3?i^^'^X2 3(*Ji 
ElljSg^T'Ti^ L / nV U — ;r ^ X <t (Hi^^^fUlit 

t- u X 2 3 <otbitffliifc/<>r -r^j-ni-zr 

^Lfz^^mx^w^ff9ttzmr^< . fUi-*)-:tzf^-( 

^:x.2 3<0r(DifLmizMJt-r^^<-(-t')—:^zr^<<7 7. 
2 4 (D r ' <D(StS-ea)Pge:<0 ^ C T?fla^^|oJ6< 

[003 5] C©ai3fc3t^^lcAitLfcU-1f3tett/NV 

t-'J— :^:^^-f C7X2 3fcA^LT:4''(>o(crpi6^or|5j 

IBIl 5F ttfc/\V :^ U — :^ ^ ^ X 2 4 fc Alt L -C^lf 

lCfflL^^C^A<T'#^o iSi. 0 9<7>f^-^2 5(*iiSS(C 

[0 0 3 6] ±8B<l}iaT'(*e— A(7)gT®J^tfcA^R 

J^-Cfe^&A^ gll 0»-^-rcfc^fC^ff^(D^a2 6 a 
-r-S-^X^ 2 6&0^^3feU>X2 7 ^iffl^^^:)-fr'6C:^ 

»f*nxS^Sf-cfcy. xtH'v hj§lf*DX-V>ei^A 
Coo 3 7] ^tzs (Hi 1 (c^F-Tcfc ^>'<f^x^ 2 eau^ 

m3feU>X2 9^|§<^^t)-t^-'5-^fC<fcy. ^X^2 8 

izfsbm^iz^-^><fri>^ttm^tzx'^i>^ 

[0038] 01 2 (a) . m^ 2 (b) fc;$:^egf-S 



(8) 4#g|^9-6 1 6 1 O 
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':y<m7a>SgBfi«i|fc]SSlt-5/>Vt-U-3j-z/T^^'^7X3 1 

(om^&if't<Dift^m^(D^m^m^^{Z7ri'ro mtz. 

3 (a) . 01 3 (b) lZ/U'f-*J'-:tZf^^ 
3 1(D#M^3 1 aa)5fcK^mCDt^al^miC6<IfCiK-ro 

/<-<:^y— ^i-^^'^-f ^X3 1 ttm® (*g?]5l5fi>I"ei4 7 
<i) (D^SySL^^3 1 a ^WL. S-^SySLH^S 1 
a^C(±^-^D/<^~>6<$ll^4^-CL^'&o 

[o o 3 9] /W:^'J— :^:;^^'<<7X3 1 (D^mms 1 
^i^ia (:£:&) --l°IltT|^>!?lz^<n^oT*Sy. 6>Oifi 

'£;^lftLrcot%ri4*tfi)i^^fort>^»o l&T-tf'y^p (d) 

(ISi 9] p (d)=AV" (1 + f 2/d2) 

C0040] 01 4fC±ffi|^«;S2tt<0/<-<:*-y— 
T^-<^X3 1. 32^. ^mizS^l.xmUkizKl^lz:sp.fj 
fc. A^o#/\Vt-y— 3f::r^^^x(^±cD±Ctt>*i>j^o 
A<s I Mcm^-r ^> <t ^ fc 9 o jgEiiE ^ -y: r IB L 0 r-ib 

[004 1] C(Oc*:^>d:— >^^(D/^V:^U— :^3^i^-f ^X 
3 1.32 rcAltf^jtiS*!: LTI*±gBP«ni:^l^a3^ 
1 O O Wa> U— if*DXffi(D N d : Y A G U— tP 
tt-So U— ^f5fc^*/^V:^y-:^-:^^>r ^X3 1 fcASt-r 

Zf^-(<P7.3 l<0^iL^Ot—'&L-t^^=>\ZXm^ii. t 

<otf—AmmtFimx^y) (@i 5 (b) ) . AStsfcs^ 

30 ^LT. rX^tziri'rJ:oUiSO:^m^&^^ttj:^xi^ 
[004 2] 

C^20] I (r)=aexp(-b r ^) 
C0043J ^LT. 01 5 (a) tZTft-t^OlZ^ 
:^y— 5t-:/T'-f <7X3 1 . 3 2(0^*lc|g5feU>X3 3 
^leU. mxm* (01 5-e(45x5*) (D*tt6«U> 
X3 3(D^^Pr'35+?^c*: ^tor> mxm<l 

(c^i^sq^tifctf— Ar*M^.fy^or. ^mt^w-f^it^ 

40 CCT. u— »f3fe(*/^-r:t-y— ;f:^^-f <7X^aia 
■T'Sit f— A(0:^#^fcij;i:fc5 x sllcoM^cT^t fztife 

tf-AH^tte-AJf^ttA^ffiff^T'^y. €-/r3fc«^^o 

(0044] ^fC, ^^U>X3 3 ^fflL^r|^>5<?:. # 

e—M.mm(D^mtiy>x<o^j^ptzm^^j. ^toi^rn 
fc5 X 5®(oe— A^^^ss^-fr^ciA^r-^-So ^ 

=K^J5^Lrj§f^r'fey. e— A:/n:7^'-;u(*. =&e 
50 —M.mmtimi^^J^o^tlfz^^^mmmz^Lf£)it^tlxmm, 
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[0 0 4 5] @1 6 (a) 6 (b) rc:*:^?^!^ 

So* < m 8 OSIfi6«fc)i$ :^ U — -f X 4 

(a) xi/Si 7 (b) lz^tm^ e(D/Ui-')—^zf^ 

^X4 1 l*mx n@ (*Slffi«-ei*m= n = 1 O) (©-^ 

X n (D<#^a)4"£>. HJ*>/<-r't-'J~:^:/7'^'<7X4 1 (D 

[0046]ilSi. EI17(b) rctt. f3j^<Z)/=*)ICm = 
n = 7,tLr©^L. 018 (b) fzrim=n =5<t L 
T07fL/Co ^^h'J<7X^m4 1 a(O0ftTte^ttSl 
6 (a) rc^-r<*:^fc, <S^e'y^6^-3t<D^fTt*:mia 

— VA^ibTif A^O=&^^4 1 aO*STlf-V^p 
(d)i:^mi a^D«l''DPiJ^:/^V:^'J-:^':^^^-r^X(D 

[»21] p(d)=AV (1 H-h^x-d^) 
i^d:'5<fc^lcj^H£$nTl>^.(gll 7 (a) ) „ 

[0047] il<0^ "yU/^^ -)-*)— 4 MZ 
Aktti>^mt LT (*±E^«5PI5a3* 1 O O W<0 
-»fftlXffla)Nd : YAGU— ifA<ffll>t,;K*o tPjfe 
i*e-A}^ttA<Rf^^^d:L. /NV:^'J-7f->^^-f ^X4 

'<-t*J—:jf:f^-(<?:x.4 1 a>«»»»DOi:-S[-r'5ct^fcA 

mm. a:BiXSb^mWitLX. ^^izir-r^oUiSOT. 

[O O 4 8] 

I»2 2] I (r)=aexp(-b r 2) 

[0 0 4 93 m^ 8 (b) |ft^(7>fc«). Altf— 

5i®<t Ufc/<-<-t-'J— 3*-:^T^-f ^X4 1 (O2PS0^^SL 

fco u— !f3fe(*/NV:t-'J-7|-^^-r^x4 1 ^iiifi-r^ 

[0 0 5 0] ^\f-j^mm<o%mtmmom^^m>^ 



(9) 9 - 6 1 6 1 O 
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;b ^? MzUm^m\z^mt ^ ttT A<J^- U t <D 

[00 5 1] fiSi. m<t n <t(7)it^Bt^T^ h y 
^(Oipg(DISm<Dtt^^^^z<tfCcfcy, eSCOff^t^CDS 

iBjfe^i^^fli^fc u— »f Anxsarc^ y . ^w^ommm 

x::rD-tx^^fijrcr<&i:i:4»lc, ^!l^a>^§^t^X7K'y h 
?SI«*IIX-\>«|^AttiDX. y^TiOXA^pTtg^J^f-So 
[CO 5 2] 01 9(C:*:^5^<7)m9COl?Jfi01fcS$lt^/< 

Lrtt±ffii^«^*5m*i oowflDU— »fjinxffl(ON 

20 i^a>x^ miTi^ixxi^ui^t^ m^mm0mtji^2i^<o 

u>X(Dti&^^xmi&^tii>\f—Jxm:^mxi&:k:^Hx 

^i>^o^z/K^'r')—^zf^^<?:!^e^tz^.mri>o c 
a>u— /U't'J—:^:f^^{?^5^iz-m^titz 

lSlA<|f /<-<:^y — 5 1 6^^bffifi|h 

[O O 5 3] 

[!SI2 3] I (r )=aexp(-b r^) 
[0054] f^-C•r'J—:tZf^'<<?:x,^±0^P (02 
O (a) ) fcAitLfciteiatt, 0^$tLT. /W:^y — 

/^-f-^y— ;j-:^7^-f -2^x5 1 ±(D^Q (020 
40 (a) ) ^^mt^ntzmmhfzH^mLfziiLmzmm 
Lf-<t-r^o ^cDiaftT-e— Af^4^A<3fM(Off^«-efey 

;u$^^^^cfc^^CJ^Q^3^tt•C'V>^^l#fiL>o 9tmt^±f&m 

y— 3!|-^^>f ax5 1 (7)j^Plc)J$(f >60fttS^(7)E5ij:^ 

[gft24] p = Xr (1 +h2/d2) 

50 :^y— ^h^/^-f^^xs 1 OSIKcOS^^fz^ yftJJIS^^n 
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^^v^pi^niti^x. h(*-^ffigiiaJi±fc®iiB$n 
[0 0 5 5] ^tz. ^|g(0S}^^l#^{a©-etf— Afl^tt 

[0056] 1. S20 (a) (Z^X. /Ui-*J—:t:f 

rc3^« ^ o <b r ^ £ ^ig-r ^ . 

^i-fii (is®A<RL 1 T'fey. Steals 2 o (b) ic^^-r 

Sff^SIT'^y. »r®A<@2 0 (b) fC^rCaCsCia 
Lr. ^.P^ii«>RL 2t^JS<„ 

4. ^P^il'SRL 2F*9(D^O§Slt<D^5i^fil (JSSA^R 

L2xrfey. mmii<m2o (b) ic^-rc^c^c^oCi^ 

ffil^i:EI^S2 (r=k f (e) > ^}S<o cc-C. kf* 

^j^opAT'fey. mmtm2o (b) rci^^-rc^c^c 

$^£-r^ffimia}^s 2a>]2±:a>^Q^Jl^o<b$^.s: 
mis o Q ^ mm^^o x ^ ±gB«m@i^ s 2 (om ^ r=» 

^tL>5> If ^ L I O Q B CD3fe(D5^ 

(b) iz7firc2c^c}^c^<otLW<oi^mtznm) 

Co 05 7] laT. ^P(cAStLfc5felS36<®F±r'^Q 
(c^i^fS-r ^ j^rcSJii-r ^ J: ^ /c. /\V y zf^ ^ ^ 
X5 1 (Dj^PlrJS$Ct^|5I»rt&^(DE5lJ*|fi|$^«'PO(D 
^rfijfc-Si?-^, ±ffitf»v^^^3}itf)^x£p = A7" (1 + 

aiv Rs l^*^<Dftm^D^icot^Tl5|^^cI2IST^S^cDK 

— A;^7K'y hfcBE^r-^^o RS 1 l^»cA§tLt:: 



(10) f#gg^9-6l610 
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*o Rs mrcA^Lfcu— »fafe^rcot^r=b3i®^^ 

Lr^j^'\;>=ftj^. Sfl^. mRff^>ii:if«-ii(Df^ttfce— 

[0058] C(D<fc^f::. /<-r-:^y— 3f:;f^>r 
STte^cDe-v^^. A§t5fclScD3l[^5i'?^<t/sV:^y-5i- 

^xj:(0(4Stfcfti:r^A'6c«?:rc.fcy, u— 

Co 05 9] 02 1 0(DSI]6ft«|Cj|$Ct-5 
2tJc<D/<-1':^y— ;4-^^-f 1 . 5 2fc^>5>3fc^Sf 

SKDm^S^^-To JiKm9<0^]SS«»It^^':i:/^-<-^y 

L. @i 9fc)i$itSBfiia>iaj^^i#^<aeFfcm2<o/< 

^:^y— 7l-:^i^'r^x5 2^ffiSUfc=tco-efcy. C(D 

^ 2 <7)/<-< -i^ y — <7 X 5 2 Alt L tz.%m\t.^ 

COO6O] 020 (a) fcJ|$T. S&2<D/<>r:^y— ;?|- 
:/^>r 2(D^Q<0{iiSrcf*?tf&-r^m 1 
y— ^:j^T^-f <7X5 1 <D^P(0(ascotf'v^p ^ti^ctf 

-60 ---e. m2(D/NV:hy— Ti-^fT'f-J'xs 2<DPgS: 

r'^^»Ci:fC;^S-r*!fi^S36<fc-5„ C^LT. 02 1 fc 

Tlt^tt^ J; ^fc. ^2(7j/<>r^y— ^:^T'-i":7X5 2 6> 

^#t»tt^>o Sfc. 02 2(Ocfc^fciFfr3felSl^llia5-r*U 

(Cj:y. j^^AttADX-^y^TtolX. ^Y^PXU^h 
p-'j7X»iffc)S$lt-6^^iait. *aBr*nxii<T'^^»o 

SLTfcy. ja^(DRBtf*iSofcs?^(Dii«!m«^« 

40 u^n^x^iz^-TLnnmrn ^ a ^» c ^ a<t- ^ 

C0061] 02 2a)m2<D/<-<:^y— 5i-::fiF>r <7X5 
2^U>X5 3<5:<DfB^<7><aSfcli. 0 2 3 Jc^j^-T «*; ^ 
IC. 9la>}^ttOggP5 4a$^-r^3^U— h5 4^ffi 

— AXtH^v hA^li-btt^o COit^^tf— jU<D4"OfflJ55^ 

C0062] ^/z. 02 2a)lg2(7)/<'<:^y— ?r-::#'^-< 

50 2 <t U>X5 3 <t(OPH^(OCiSlC. 02 4fZ7j^-rcfc 
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[0063] 0 2 5rc*fBeBfcS':J<^i ^(onmmtz 

»2pi^ai* 1 O O wo U— »f JmXfflO) N d : Y A G U— 

^icASt-r*=t<Di:-r*o "toxm^^m^^ \ (r) 

[O O 6 4] 

[!l»2 5] I (r )=aexp(-b r 2) 

[00 6 5] C(7)u— tf^ttt. /nV-:^'J— 5i-::/-x-f 

2 6 (a) ) fcAltUfc^fe^l*. lsI^5?*tT. /<-r:^'J 

-;#->^5^-r^A6 1 AMbffifiihffitlStLfciaiB (02 5 

1 _h(D^Q (026 (a) ) ^ 

Q^^tbX'^tL\tB:l\ 9tmt<i^.Q{z^m-t^fzi/)iz 
it. fU't*)—:&zfv-^ <?:^G ^ <O^Pizm'fi>^m^ 
^a)iE5ti:^f^. m*>m=f-<om^:^f^^mi^PQ<o-:^f^iz 

[33[26] p = AV^(1+h2/d2) 

^n^mVlt h (i 2 O O mm ^ L/Co 
[00 6 7] ^fc, ^MCDSff^^l^^SiiSFT-e— Al^ 

!^pt^Qt<ommt^X(o^'yiz^it>^ti^. Hit*. 0 

2 6(a) iznXs 

1. u— y=tf-A<;)3fe^L^^m^.f®wfc. 



(11) ^$§3^9-61610 

20 

2. I^^0^4"D<?:LT. ^P^il^nc 1 ^}S<o 

3. I^^L/rt^^iSit3t<DiBl:fc^tt0ff^Mt^lg^O^BS 

4. ±fzm^mmM±<ommmo xt^h>^Q^X'(Dme 
o t ^m-^^m^ pot mmmio xtizm^n^mmop 

10 [00 6 8] JUT. ^pizxmLfc^mt^i^Qizmmr 

lsI«T»^<DE5»J:&Ifi|^tS^i'PQ<D*rSirc-lfc$ii:. JiE 
xtp = AV' (l+hVd^) fcttoX. Bl«»^©tr'y 

^P^^ibX^tlitB:l\ ^^t^tf~J^^^ (il^i/ 

e23^jgi»ig) (DRC2^^(D^f^g<7)^^cot^r^^♦ll^cIol 
m^=f'(omm:^\^tifv=^t^^ibx^tn^^ P3c2i*! 

t^m. F]czP^iz7<.mi.tz^^^^i)<i3 0:^m<DU 
20 — y^jtett. fl^ttA<^M(OlHCfc^tt0f^-e&yiS-tf::j|$ 

lt^tf-<7 5^JS6<-$<7)e-AX7K'V hfc^^^tt^^o 

[00 6 9] «^(#5£i^<oj®tt0}^^f#>&fcr*, 

02 7fz:^^tt^i:^fr. ^p t j^Q tomm^mm-T 

3. 5£B<04»'i>^i^,^orcs^. ^mM' ^fi&<o 

30 ^Pi:4>i|>0 4k^^.SvlE^P0<t^^^0X4t/ctt 

^n^ISfl^O P A StOffi^i-fiii: R C 2 rta>3t 

[0 0 7 0] ^fc. «llx.(#R}^a)l^tfc0fl^^^#'5^c^*. 

02 8fCjS$n*<fe^fr. jSPi!:jaQi(7)|§0gSia5t-r 
«»±1E1 -'4<D^feft<D^*». lfeft3Xt^4^. 

3. F\m<D^'L^^JB^O\zmi^X. RM" ^IS<o 

4. ^^ot^pt^^r^^mmoptF^M" t<o^!k^ 
40 tmi^atv 

[007 2] CQcfc^rc. /NV^t-'J—^f^^^-f^XCOIsI 
ck9fC?^f^o ^/c. "P^^^I^I^e mm X 8 mmCO 

50 ^r^<j>m^t:^xi> ^—^f5fe^fflt^rrr^fe^^lDXA<Tr 
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Co 0 7 3] 0 2 9«r;*:^^f-s-5<mi 2a)mmmiz 

or. (1213 0 (a) ) ^9tUt^^ffizmmht£i-f 

r ts-^f tf- A :7 — ;u ^ It <t ^ (c Q ^ r 

^tH^Bil\ 3fe«A<jSQfCSIil-r^»fc«)(c(*. IB 1 1(0 

[0 0 7 4] mtz. mm(omm^m^{^LtS:FX'^^^^ 
1. i^—'*f\f-'Jx<o^m\-tmmu^i^iz^^u^m^ 

}S<o 

4. ls^oJ&^^,^p^ffly^anc 1 fc^'TS-ia.H^oG 

(OiP^i-El^^D H F caymmtw-mitt^tttz^^comt u 
■c-^x. "bti^tfis^i-sff^D H F cif^offto^^om^mt 

7. SP5^0f^DHFC(Dj^Qrc<*:^>jaDHa)W^lti. 
^ P <t 4=»0O <!: ^tS.S^^^i'O P±a)5fe(D3ilg(7)^^fil t 

=)\Z^Q^^lf>^. 

CO 0 7 5] feXT. J^.PfcAStLfc3fem<i^QfC?iJii-r 

0m«^a)ffi5iJ^(^$»5j'PQ(O*rRiic-st$-y-. JiIe 

=Ay" (1 +h2/d2) |ct!feoT. @#f<S^(Dtf 

mmzmi^^=i'(oum:f5is[t\f-j^t^»iibx'<>Mt. 



(12) ftgg^9-6l610 
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-S, IS^, RC 1 rtfcAltLfc3tS5i^^6<:^''>X|a(DU 

CO 0 7 6] m^{%viY(^<n^Mtz^^mw^^^^ 

fCtt. 03 1 fC3S$tt*«fc^fC. jSP^^Q<^<Dlifig^ 
4. J^j^OiCi^^^P^iiUg^aRC KciS-r^SISoG 

N' <offiffiT'SlIo/cfil^*5-^b$nfcSist■r^)o 

6. ggaRClt. ^Pi:4>'i>Oi:$e.S^iaiai. ^fiS 

X t. fC^^a^iPff^O G E I^(D5t(7)§^lgCOfS59^fiI 

20 e^S^HISO H i ^^«bO X t fce^^tL^ICfil LfcL>a3St 
3tCO«J^i^0II^D H F C(DffiSi<t5Jili5<b$ttfc5SgE(D«<t 
X^X^-^^tl^^i^m^O H F C|*!<03fe(Z)3ilJg<OSi55'fi| 

7. s»^^'EUg(Di^ftQ^rJ:^»iaDH(0I>^«'tt-5:, jSp^"*" 

am^^t^nwio 1 ^<D3t^G^ p^^.s>^^PGi 
<7)3fe(D5Sig(Z)l5^i'fiI ^ (O Jt A<— gfc-r ^ J: ^ fc ^ Q ^^^T) 

30 Coo 7 7] ^fc. 0iI;^l*Rff^<DgBi:tc^«@ff^^|#-5) 
fctt. 03 2fc^^?tt^J;^fc. ^Pi:jftlQt(DM€6^ 

3. SESiLfct^ti3lt3fc<DBBl:fc««R^^N'' 4"£?^ 

4. j^j^oAMb^p^iiUMaRc 1 rcii-r^itlSioG 

<D®IBrSq-Dfcfii^^l^^b?tLfc5i]g<!:-r^>o 

6. gaORCIi:. ^P^r^l+r^'iC^OAMbSDt'Stg^^ 
40 OG<t. ffi^|ftOX^:fCflt*tt^)^J^OGErt<D^a>5i 

S-Stl^OH^. ffi^^OXttC«^n^»^^LfcL>llS 

7. SiJ^0}^DHFC<O^.QfCj:^jaDHCDrt5i^ltit. 
^ P i i: ^fS-S^^^i-O P±C03fc(D5^JSc0ffi^fiIi: 
Kta^-OPOSfi^tBIPRC 1 ia)XjSlG<t4"C?0*!: 
^ |g.S^IS5J^ P G JiOStcDStScTJffi^i'fil it (DH:A<-S!fr ^ 

50 ^rWfatv CcDftbrc. mM(DfflCfc^t^0f^<t L 
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ffrMtDSff^ F fcji^rm Ufr^tttDSJ^r-J^- 

A^^fib^X-So «5<tLT. w<0iIisA<3mm-e, 1 2mmx 

[O O 7 9] 0 3 3fC;^it^fcS'5<mi 3 0ll«g<91<t 
L T 2 tJcO) / >r U 3^"^ -f <7 X ^ ffl t Nfc jfeKICilCD 

laj^^lf-Sias F (cm 2 (D/^>r :^ g -r ^ x e 5 
^ss-r^^tor-feu. ^2<D/<>r^'j->f3f^^^x 

3 3icj|$r. m2©/<>r 3*-:^T^-r^x6 stDjSQ 

E^J:^IPl A<J$^Q P (DrPl €?/c-5k-r ^ IsI^tS^ ^ o T 

^^h^^^. c^LT. S3 4rc5K^n'S<fe^*c. m2 
■eife'5ifi^^i*rs<. ^(ci!ittia}^A?>, »«B)&icoi>r 

[O O 8 O] 03 5fc;*:^^fc^-5<mi 4(D^J£«qfC 

)s$it'6/NV^y-7i-^^^'^x7 1 rcj:^7fe^sema)m 

xCH^^-To cfl>/W:^y-3i|-3^T^-r^X7 1 rcASt-r 
Lr(*±lE^«5Fi^ai* 1 o ow<ou-iftox 

*^^(D/\V:hy— 5j-3fi^<^X7 1 IcAlt^^J: 

L. /NV:^y-::#'3f5^-f^7X7 1 fcAitr-SB^lctf-A 
tt:^Sgr'tt::*; ^ tt^a)^$ft A^/ nV y — ^r- ■< ^ x 7 
1 <D4>'i>oi:-Sfr«»j:^rcA^-r ^tco<t-r*o 

I0081] u— Al*. /^^:t-y— ;<-:/i^>f ^x 



(13) ^g§5P9-61610 
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rS]fc5fc(7)jitT:^rpiA<^^^tt. /NV:^y —^^h^?"^^ ':7x 

7 1 AN^i£g|hfflt^nfc(2©FrM*. ^^Lfct>ttJ^ 

[ O O 8 2 ] I ) y > '^^^ — K(Di§^ : Alt5fe(*3^lg5i' 
^A<jfe5t**J;T'fe>5 y Kit LT T E Mox*fC T E 

Moo6^jSt:ofcRj^«^flr2 1 uri&mwfc. 

[!»27] I (r )=aexp(-b(r-c)2-d r2) 

c. &tf^dtt«g!8ftr'ab^>o 03 6rcj$r. /<Y:^y-~3j- 

•^^^0^1 1±(DjSPfcAltLtr3feia(*@^JT^ttT. 

03 5^cJ|$l+*/<^:^y— 7t-:^^-f <7X7 1 36>t>ffil»h 

fcMtm;Kfc0rM(D0J^^^#^(a® (^ItS^®) FfcSi] 

0 3 6 fr»$Ct ^ ^ Q ^jfe^S L t ^PfrfCffifl h ffCt^feii L 

a>^ p fcSSit«>stt»Ta)E5>J:&rfii ^it« p q o^Iriic 

CISI28] p=AV^ (1 +h2/d2) 

^■rm^&tv -ex?. d(*ffij»PQr*&^»o /<-f:^y 

Jg^-CI*h(i2 O Omm«t UfCo 
too 8 3] ^fc. Bfli(O01^^li^(aSF-etf-Afl^ 

30 3fD3?-f-;U^|#^fctf>(DiSP.i:jSQ^(7)i9^li;A(D<fc 

^^^t-t^nn 1 rt(Z)Alt3fet&f?rM<D0^^^1#'6aa 
Fr'01f5M1 (r = f (0) ) (7)J^ttr% §tJSA<~^u 

t-r^t. RR 1 rtfcS$l+*Alt3fc3^e(0««^fil (j§S 
40 A<RR1. BfffiA<CsCeCioCxsCi6<^i*^'^la^) 

^M<7>0ff^M 1 i>?fcJ$lt^aj|t3fe5tltBP 1 Offi^i- 
fit (iS®A<0fl^M1. ef®6^C3CaCi3Ci3<D(*^IC^B 

3. ±iaffii*irc. B^o^^>bti.x. j^^Pt^a-SRR 

R2. BfDBA<C4C7CxoCi4Ci7<'>**Sir::1§a) ^Slsg 
50 ^^'L'^^: l^fzmm^(Dmm^m^\^^t:iittik:KL.xmk>tii> 
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Ml <t«(a^faJ^M2 (r=kf (e))$IS<o-- 
A. ST®6<C4C7CioCi(D«:|5fc1g^) <!:. ±8E r = 

kf (0) ^^s-r^-tia4i(eu^M2<Dia±(Dji^Q«t4> 

21 ^ ^4x^ ItSI L fc t ^^jSt3te<D«9^@)i$ O Q B 

-So 

[00 8 4] i i) TEM.„^— K(D«# : ASt5fer*5^ 

i^-^cf e— A 3f D 3? -r <t ^ fc^ Q ^^<s6r -\?> 

[gJl29] p = aV" (1 +h2/d2) 

— ^ -f ^ X 1 a)SS(DB«T^6^ ^ «^RB 5? n-S e ^ 

mX'i^ h 2 O O mm Lfco 

U— tf tf— A^^$S-ri>^i^S 1 rt(DAit5te^ 

^Ma>0fl5$i#^iaiaFT'®}^Mi (r = f <©) ) <o 

J^«r% §i©A<-^uT'&>6e-A^D3'-f— JUBP 1 

rtlc»$lt>5ailt5fe5tiSBP 1 O^^^fil (SSA^Sff^M 
3. ilEffirtfc. lg,^0^4"i>^ LT. ^^P^ia-SffiffJ 



(14) ^fggi}i9-6 1 6 1 O 
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-SJi^ttM 1 t^il&iti:mmM 2 ( r = k ' f ( 0 ) ) ^}iS 

5. ^pt^'i>ot^^s^m.mtmm^moxt^ms 
2tizm^tii>mii^opA\^(o9t(D^m.(om^m (js® 

^) ^r = k- f (0) ^3i£-r'6JiiaisftHKM2 

^@BOQBf*i(D5^(OStj£Ol55^fil (SS^<«a5^@)^0 

QB. mmii<C:^c^c^^c^a>wmiznm) 3&<-st-r* 

cfc ^^Q^^46'5>o 
[0 0 8 6] j^T. ^PiZ^.mLtz^Wiii<^QiZ^mt 

^^"7. ^<^-t*)—:t:f^-(</::^^<O^Pizmfi>mm 
tt^(Z)E5»]:^rni^ittaPQ«>*fiirc-st$-it. xCp = a 

it. RR 1 ^fc(*^J^S 1 rtfcAtTLfcU— 1^*^^, Bf 
M<Dff^*^-e3SS5i^?!i6<^tg^b$^tti^-3^ci:tf--AX;K'y h 
/ClE^-C^-So RR 1 ^tzi^^ms 1 rtlcAItU 

RR 1 ^fctt^J^S 1 ^fcA^L/cU— tP^fcl^fc 

'oi^x=b^m^^t<^mittsnt:im&±iz^mtstLi>a 
.... (T)m\ftiz e - A ^ c ^ 6<r' ^ >5 o 

30 [0087] C(D<fe^fz. /^'r:^y— ;i-::f^^<7X7 1 
(DIsl^fttt^Qe'y^^. ASt3fel9<05*gE»flri:/^-r-^y 
— ^X7 lJb<0©SlCE£i:T^*)r-V>4xr#. Br 

A3/p:7-r— ;^/)<^#^>4^^o ^fc. ctD^t u— tf^ 

[0 0 8 8] m3 Btz:^mm<O2i^0/U-t'J-~:t:f^ 

Bfii(DDff^^i#i>{as F fcm 2 cd/nv y -f ^ 
X7 2^se-r*t<oT'fey. ns2o^u-t*j-:t:f^ 

40 -f<7X7 2fCAStLfc3tl^l*CttfC<fcy5FfT3fefZR$tt 
03 6^fcriS3 7fc)5$-C. ^2(0/^^-)-')—:t:f 

ir-f ^X7 2<D,^Q(7)(SiS(ctt^*c£;-r'5>mi a>/<>r:^y 

—r^-^n-^^T.! 1 (DjSipa)fi[S(oery^p ^ti^ce-y 
^r-^^ y [o»jT*§^(DE5i]:^rsiA<iEI§Q po^fsi^r-— Skf 

CZr% m2C0/\V:^y— 7j-3fi^-<'^X7 2(0PgS 

-e&^C<tfC;-$S-r^i>MA<fc^o C^LT. EI3 8IC 
'^^^^^^0\Z^ m2<7>/<-<:^y— ^X7 26^ 

50 ib<oailt3fe^ UT^coe-A^D:7-r— ;KD5^jg^:j»j6< 
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[0 0 8 9] 0 3 9(Dtiilt3t(0(aSfCtt. E4 0rC7F-r 
Coo 9 0] ^tz. mCJ:oiZ^ S3 9(7)a3St^<7>ii1S 

-So 

[009 1] 042 fc:*:^qg<;)m 1 5 (D^mmzm-T^ 

it LTI*Ji8BI^«^Pl^aj^ 1 OOWOU— tftoXffltDN 

diYAGL — •tfA<fflL>«b*L^o ^mzi^u—*fnmm 

A^t»aiStL/=U— if3tttait^<DT% 0^^?:h.rL^^i:l^ 

-rr'j-:*-:/^-f<7X8 1 tzxm-r^wiiz\f-Am:Km 

X'&:^^Ht<D^Ut<^U't*)—^-:f^^O:^s i (Dig 
^Oi:-St-r^)<*:^fcASt-r*4>(0i:-r^o ^<0Ait5fc 
5SJg5^^|i I (r r ^llJSl06^f,<Z)ffifil. a&l^b^ 

^l»<tLT. '^^tZ7jkrj:oUi50y^m^m.^^tU'0 

xi^i>-mmizmm^ti^^(o^m^ri>. 

[O O 9 2] 

CSftSO] I (r)=aexp(-b r ^) 

U— »fe— A(*. /nV:^U— ^^^'^-r-l^XI ir^J^nfc 

/<^— >f-j:y. ^i^^xt^t'ti(D:^\^iz^<DmrT:^ 
f£tt^;h./c{aSFTM*. ^^Lfct^3 5i^iq$tLfcaiSt3fc 

[00931 S43fcJ|*r. :^'J— 3!t-:^-r-f <7X8 
lJi(D3O(0^1|Stf*ircife^/^P. p- . P" izAmLtz 

<7^e^t^h>^mht£\mtlfzi^Lm: is^wi^Htzmm 
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i^tzmmump^iz^-DX. 04 3(cjj^it'5)j^Q. Q' . 
fc<t-r^>o ^<oiiST?tf-A^^tt/)^3olc5i•A^nfc$§?^ 

itBii\ ^mt<^Q^ Q' . Q" iz^m-ri>tzib{z{t. 
Hi>^mt&'=f-(omm'^m^m^pQ. p' q' . p- 
ms 1] p = av (1 +hVd2) 

fzitP" Q" tJ^^io /nV:^U— ?f-3f7^-f 1 (0S« 

^m^Ji±iZ^m^tlii^ *llfifefill-l?(*hli2 0 0mmt 

Co 0 9 4] ^fz. 3^wit^tltzmm.(omm^mi>i^Lm: 
F tf- Aff$ttA<0f^Mr'fe y s^s^i-^^i A<^iii<b ^ tLfc5 

Coo 9 5] 1. \^—*f\f—Aa)^mtmmumj^iz^ 

2. w^^<Dmmmuxtmmizmj^o^tp,i^t-t^ti¥f^ 

3. w-nm(09vm(ommmm^x±tzm2&isn3(o^m 

4. U— -9^<Dtf-A4iS /e^Sfigi^ig) ^ 

Ait3feA^3 ^^-Sq ^ttfc3fMa)0ff^^^#'5{i© F-T'Elff'- S 
30 1 (r = f (e) ) (7>J^ttT% 3^)gA<-^uT'fe'5>e- 

A3^P3?-f— ;uBP 1 <om$^^tzmw^^ti^tr^t. 
:^8Lm. }Simt^c^c^c^^c^^c^^0iLi!^(owmtzn 

40 urfiS<o 

6. ^p^ia^:«^a^0ji^i^co3fe(D5$jga)^5^fii (is® 
A<8$fS/h:*:a!e0»J. Bf®6<c^ c c c ^^(Oi^m 

itt&:^Lxmi^m>mms ^ t^i&iumms2 (r = k 

7. ^P<til^O<t^tg.S«t§*!:®il^lftX (^S^) <>: 

50 izi^^ti^&Lmmmp^<D9t(o^m.<om^m (s®a<k0 
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^m^smmtmmmux (mm t±f&^i0imms2<o 
Q. miSimm»,ismmm^x mm) vm^tii>^m) 

8. 1^2. msom^Aizt^Lxi^m^^^o' . O" t 

[0 0 9 6] I£IT. jSlPrcAStLf-3tel9A<jSlQfCliJi$-r 

^l«^<DK5il:^roi^li5^'PQco:^rqifr-st$-B-. xCp = 
[0 0 9 7] ]ii±(Dm<o^t$ih>^. xm^t \^xiz^c:> 

[00 9 9] C<0<i:^lC. S^-SlU-C^m^^tt/cU— »f 

^t.-m-iommoti-M.) x-^^mmi^xmrn. ma cot* 

[O 1 o o] 
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mil *^?«r::S-:5<mi OSI«5««lfc»$(t^/\V:^U 
CS21 (a) r*:*:^?gfcg-:?</NV:^y— :i-:^^-f ^ 

^(om^^fkm-ri>m^^W'mm. (b) i^A^atcos^ 
[03] :*i^^fcs-5<m2co?ifig^fcj$rt-smi so: 

20 SS^m^Wfc^K-rHo 

[04] m2a)^£i«n(OE&ffi^)!ig«ii^iK-r03<bf^4SAj: 

0o 

[05] (a) (**^5«<cS^<m3(7>|li£«5^ifv^iE 
[06] *^^fCS-5<m4(O^)6g0II^^^ffl^tt<O[51 

^*-r«icw^®0o 

[0 8] *«?BfcS-:5<m5(DS?fifi«rcJj$it^/NV:t-y 
[09] m5(D^Jfe«qfc*$(t^-^ro/\V:^'J— jf:/^ 

•f ^ x^fflt>/c^pfc3fe^^(Dies^33^-r^xe6<i^tS0o 
tP*DxsiS(D^aj ^^v-r mxc wm/5£0o 

[01 2] (a) l**ft^(C||^<^7(3[)g|JSfl«fzJ|$lt 

40 i>m±^^i^^mm-r mv^- y -r x 

^^-r4^S0. (b) (*^(DfflffffiXUJ*»|EM|(D«S§^ 

[01 3] (a) 1*01 2(Z>/>V:^y— :^3^7"-f 
&iSySU^^<D«lit^7j^-r^ffi0. (b) tt^COBr® 

[014] (a) (*:*:ig4grc^^<m7{7>||j5£0iIfcJ|$Jt 

^'^X^1S^tESLfcttSS$^-r^DS0. (b) (* 
(a) (D{S4@0o 

50 [015] (a) (*:*:^?gr-S^<m7(7)SSj&S#JfzJi$lt 
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^m^^^mommBLXfumi^i^rm^m. (b) it^t 

[017] (a) {tm^ 6CD/^^:^U— ;i-3^-T-<^x<o 
:^ U — -f ^ X ^ E L fcttH ^jp-f «!lffi0. ( b ) 

(*5tea56^«b<Du— trate^^i-WLfctitss^^-r (a) <d/^ 
[01 9] :^^m:^m-^<mQonv^m\z.ny-^^iU-)- 

[02 O] (a) tt*«?8fc5r?<^9<DS?fiS«IC*$lt 
0. (b) l*Alt3feC05Sie^i'^ttal&0^ (a) (Oi<-(-t 
[02 1] *^?«fcS-5<mi 0(Dll!fe«qicfi$l+*mi 

<OttS^«iCWfr:Tt-r0o 
[02 2] mi 0<D$|jl^(DE&ffiSI£&M^^f 0 2 1 t 

[02 3] m^ oonmm<o^mnmm^ir-^m2. ^ t 
[0 2 4] mi oa>nti&m(ott;mnmmt:^'tm2 1 1 
[0 2 5] :^m^^zm'^<m^ ^(onmmlzwf^^^^ 
fcjji-r0« 

[0 2 6] (a) tt^l 1 (0llSfi«(0/^V:^U-3^- 
^>7X<D«tig$gtt^f ^^5CW^ffi0. (b) liAit^fe 
©StS^-flittSI&O^ (a) a>/W^«J-;*-:^^-f </X(D 

[027] ( a ) (im 1 1 (7)^J5S^(7)3EJ^I?S£««I(D/nV 

(b) itxm¥t<o^mi^^ikm&xs (a) 

[0 2 8] (a) (*mi 1 (7)^j5S^(7)IEff^llSS0i;cO/<>r 

(b) l*ASt3fc<7)3iS^^*ttl§aO^ (a) 

[02 9] *^^fcS^<mi 2<7)?5fig^lC«$lt-&/W 

fc^-r0« 

[03 o] (a) ttmi 2(7>^j66W(0/^^:f-'J~;*-3f^ 

-f ^x(Dfi53g^itt?gr^^xea<j^®0. cb) i^A^^t 
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afeKiEMiico t XT si?«-r 0O 
[03 1] (a) (imi 2(Dnmm(ommmm(o/<'< 

(b) it?^^^<0^m,^^^mBilf (a) — 
[032] ( a ) li^ 1 2 (Dll)5g«q(D^f^^)5S^<D/<^ 

:^•J-;^3^i^^<7X(Dm^^ltt^-r^m^6<)^®0. 

(b) (*Alt7fe(D§iS^5'^ttSg&ll^ (a) cD/nV-:*-'J — 

10 [03 3] :^mmi^m^<^^ sco^mmtzmn^zi^ 

[03 4] 03 3(D2tSC(7)/<'f :^'J— ^3^^-<<7XrcJ; 

?g-r^>fca60o 

[03 5] *igqgicm':?<mi 4<D^mmizn\iri>^u 
20 -^ y ^ ^ X f:: cfc 5 mafeo)**^ ^Biw-r ^ fc^rxo 

^^0o 

[03 6] ^mtB=f-<Om^\<D\^^^^^i>tzib<O^Q^ 
[03 8] mi 4<05l]!it5fflC0 2tk(D/W':^y— 5t"3''^-f 

30 m<om^X'^m^m^m-tj:^'n^t urat y as-r4idF^ 
^si^-r^fc^r>(DmxC0o 

[03 9] 03 6-eBiyaiLfc^tT3t^u>XT?ai*L 

*9-5llJt55^^^«ofc*^Bfli0Jf^(O«/hx?H-y 

^>«^3i^-r^iC0o 

[04O] m3Q<o\f—j^mftti^Lm:izmtzma^t^fy^ 

[04 1] 03 9 0tf— AaiStfi:ttfcSgfc^x<7$|§^ 

[04 2] *«qBfcS-^<mi 5(Z>SIJfe«l|fC»^l+-5/NV 
40 :^izJ:^m^(0¥ti=f-^^m-ri»fzib<0 

[04 3] iHittfeTcoE9j(Drsi^^0i*>^/c<jr)a>^Q^ 

tt. Tfi5(*AaiSt3t<Dlf— A:^P-f — /U^TF-To 

[04 4] (a) fi^it^(7)/NV:^y— ;*-3f^-f ^xa>«| 
it^JJ^f mxCW^®0. (b) r*^(;)Sr®0o 

1. 2 /NV:>-y— ?»-::^^-f 

1 1 isr^tt/N^^->oiHi^t&^^^'r^/<^:^y-:t 

50 
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14.15 tt^tt/^•^-><D@tt^ft9^^^•r>5/^V:^ 

•J— :i-:^i^-f 

1 6 tf-AX7K'V h 



2 1 
2 2 
2 3 
2 5 
2 6 
2 6a 



2 7 m3fcU>X 
2 8 -^X^ 
2 8a g|P 

2 9 S^feUVX 

3 1. 3 2 /^-<:^U— 

31a HSmsu^l^ 
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3 3 

4 1 /NVi-'J— ?f3/i^-f ^X 

4 1a ^ h'J^XM^ 

5K 52 i^^'T'y—^l^'T^^T. 

5 3 U>X 

5 4 T^U— h 

54a §aa 

5 5 -7X^ 

6 3. 6 5 

7 2 /^-r:^<J— i^^-^f^^-r ^x 

7 3 IR3tU>X 

7 4 gaa 

7 5 li3feU>X 
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6 7 

7 1 



7 6 

8 1 

1 O 1 
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